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Abstract
Superconformal tensor calculus on an orbifold S1/Z2 is given in five-dimensional
(5D) spacetime. The four-dimensional superconformal Weyl multiplet and various
matter multiplets are induced on the boundary planes from the 5D supermultiplets in
the bulk. We identify those induced 4D supermultiplets and clarify a general method
for coupling the bulk fields to the matter fields on the boundaries in a superconformal
invariant manner.
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§1. Introduction
It is a very interesting idea that our world may be a 3-brane embedded in a higher-
dimensional space-time. To investigate seriously various possibilities and problems in this
framework of the ‘brane world scenario’, 1), 2) we need an off-shell formulation of supergravity
in higher dimensions. Having this in mind, some groups have been developing supergravity
3), 4), 5) and superconformal 6), 7) tensor calculus in five-dimensional (5D) space-time.
In this paper we report on superconformal tensor calculus in 5D space-time in which
the fourth spatial direction, x4 ≡ y, is compactified on an orbifold S1/Z2. We clarify the
4D superconformal multiplets induced on the boundary planes from the 5D bulk fields. In
particular, we show that the 4D superconformal Weyl multiplet is induced on the bound-
ary planes from the 5D bulk Weyl multiplet. Similarly to the rigid supersymmetry case, 8)
5D bulk Yang-Mills multiplets induce 4D gauge multiplets on the boundaries if the vector
components are assigned even Z2 parity. A hypermultiplet in 5D bulk produces a 4D chiral
multiplet on the boundary. A linear multiplet in 5D bulk can also yield a 4D chiral multi-
plet on the boundary for a certain Z2 parity assignment, while, for the opposite Z2 parity
assignment, it does not give 4D linear multiplet but, rather, a general-type multiplet.
Once we can identify the 4D superconformal multiplets induced on the boundary planes,
it becomes immediately clear how to couple the 4D matter fields on the boundary to the
bulk supergravity, Yang-Mills and matter fields in a superconformal invariant manner. Since
the 4D compensating multiplet is also induced from the 5D bulk compensating multiplet, we
can write down any 4D invariant action on the boundary planes using the known invariant
action formulas of the 4D superconformal tensor calculus. 9), 10), 11), 12), 13), 14)
Actually this type of tensor calculus on an orbifold was first studied by Zucker. 15) How-
ever, his tensor calculus is not a superconformal but, rather, a supergravity one, in which
dilatation D and S-supersymmetry are already gauge-fixed. This fact (together with his
choice of the linear multiplet for the compensator in the 5D bulk) lead to the inconvenient
situation that a quite unfamiliar non-minimal version 16) of 4D Poincare´ supergravity is in-
duced on the boundary planes. In our case, 4D superconformal symmetry is fully realized
on the boundary planes. Then, it is clearly seen that the simplest 4D Poincare´ supergravity,
‘old minimal’ version, 17) is induced on the boundary planes if the hypermultiplet is chosen
as the compensator in the 5D bulk.
This paper is organized as follows. We first, in §§2 and 3, respectively, state the 5D and
4D superconformal transformation rules of the Weyl multiplets and some matter multiplets.
Comparing these transformation rules of the 5D bulk multiplets with the 4D transformation
rules, as done by Mirabelli and Peskin 8) in the rigid supersymmetry case, we identify in §4
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all the basic 4D supermultiplets induced from the bulk field on the boundary. Then, in §5 we
identify the 4D compensator induced from the bulk hypermultiplet compensator and explain
how the brane action can be written down generally. This action gives superconformal invari-
ant couplings of the bulk supergravity, Yang-Mills and matter fields to an arbitrary set of 4D
matter fields on the boundary. Finally, in §6 we illustrate the procedure for writing invariant
actions by considering the simplest case, in which the bulk is a pure supergravity system
with U(1)R gauged and the boundary planes contain only tension terms. For convenience
and to facilitate the practical use of the present tensor calculus, we add three appendices.
The notation and conventions are briefly explained in Appendix A. Explicit expressions for
the curvatures both in 5D and 4D cases are given in Appendix B. These make manifest the
structure functions of the superconformal algebras in both cases. Previous results for the
embedding and invariant action formulas in 4D superconformal tensor calculus are given in
Appendix C in our present notation.
§2. 5D superconformal multiplets
Tensor calculus for 5D supergravity was first formulated by Zucker, 3) and later by the
present authors 4) in a more complete form.∗ These formulations, however, do not con-
tain conformal S supersymmetry (nor dilatation D symmetry in the case of the former),
which leads to inconvenience when considering a general matter-coupled system, because
we must carry out very tedious field redefinitions in order to recover the canonical Einstein
and Rarita-Schwinger terms. 5) These tedious field redefinitions can simply be bypassed by
choosing improved gauge fixing conditions of S supersymmetry and dilatation D symme-
tries in the superconformal framework. 19) In view of this, Bergshoeff et al. 6) have derived
the Weyl multiplets in 5D superconformal tensor calculus, and almost simultaneously Fujita
and Ohashi presented the full superconformal tensor calculus including matter multiplets
and invariant action formulas in a paper 7) that we refer to as I henceforth. We here restate
the transformation laws of the Weyl and matter multiplets given in I. For the purpose of
convenience, which emphasis on practical use, we here list the explicit expressions for the
superconformal covariant derivatives and curvatures, which were omitted in I.
2.1. 5D Weyl multiplet
The 5D Weyl multiplet consists of 32 Bose plus 32 Fermi fields,
eµ
a, ψiµ, V
ij
µ , bµ, v
ab, χi, D, (2.1)
∗ These are off-shell formulations of 5D supergravity. For on-shell formulations of 5D supergravity,
which have been known for a long time, see Refs.18)
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Table I. Weyl multiplet in 5D.
field type remarks SU(2) Weyl-weight
eµ
a boson fu¨nfbein 1 −1
ψiµ fermion SU(2)-Majorana 2 −
1
2
bµ boson real 1 0
V ijµ boson V
ij
µ = V
ji
µ = (Vµij)
∗
3 0
vab boson real, antisymmetric 1 1
χi fermion SU(2)-Majorana 2 32
D boson real 1 2
dependent gauge fields
ωµ
ab boson spin connection 1 0
φiµ fermion SU(2)-Majorana 2
1
2
fµ
a boson real 1 1
whose properties are summarized in table I. We use a, b, · · · for the local Lorentz indices,
µ, ν, · · · for the world vector indices and i, j = 1, 2 for SU(2). The first four fields eµa, ψiµ, V
ij
µ
and bµ are the gauge fields for ‘translation’ Pa, supersymmetry Q
i, SU(2) Uij and dilatation
D transformations, respectively. The other gauge fields, ωµ
ab for the local Lorentz Mab,
φiµ for the conformal supersymmetry S
i and fµ
a for the special conformal boost Ka, are
dependent fields given by functions of the above independent gauge fields, as a result of the
imposition of the following constraints on the Pa, Q
i and Mab curvatures, respectively:
Rˆµν
a(P ) = 0 −→ ωµ
ab = ω0µ
ab + i(2ψ¯µγ
[aψb] + ψ¯aγµψ
b)− 2eµ
[abb],
with ω0µ
ab ≡ −2eν[a∂[µeν]
b] + eρ[aeb]σeµ
c∂ρeσc,
γνRˆiµν(Q) = 0 −→ φ
i
µ =
(
−13e
a
µγ
b + 124γµγ
ab
)
Rˆ′ iab(Q),
Rˆµ
a(M) = 0 −→ fµ
a =
(
1
6
δνµδ
a
b −
1
48
eaµe
ν
b
)
Rˆ′ν
b(M). (2.2)
Here Rˆµ
a(M) ≡ Rˆµνba(M)eνb , and the primes on the curvatures indicate that Rˆ
′ i
ab(Q) =
Rˆiab(Q)|φµ=0 and Rˆ
′
µ
a(M) = Rˆµ
a(M)|fνb=0. A constraint-independent treatment for these
dependent gauge fields were given in I, but here we prefer to impose the constraints (2.2)
explicitly, since this is simpler in practice.
The full Q,S and K transformation laws of the Weyl multiplet are given as follows.
With δ ≡ ε¯iQi + η¯iSi + ξaKKa ≡ δQ(ε) + δS(η) + δK(ξ
a
K), we have
δeµ
a = −2iε¯γaψµ,
δψiµ = Dµε
i + 12v
abγµabε
i − γµη
i,
4
δbµ = −2iε¯φµ − 2iη¯ψµ − 2ξKµ,
δV ijµ = −6iε¯
(iφj)µ + 4iε¯
(iγ ·vψj)µ −
i
4 ε¯
(iγµχ
j) + 6iη¯(iψj)µ ,
δvab = −
i
8
ε¯γabχ−
3
2
iε¯Rˆab(Q),
δχi = Dεi − 2γcγabεiDˆavbc + γ ·Rˆ(U)
i
jε
j − 2γaεiǫabcdev
bcvde + 4γ ·vηi,
δD = −iε¯ /ˆDχ− 8iε¯Rˆab(Q)v
ab + iη¯χ, (2.3)
where the fermion bilinears like η¯ψµ, ε¯γabχ, etc. with their SU(2) spinor indices suppressed,
always represent the northwest-southeast contraction η¯iψµi, ε¯
iγabχi, etc. The dot product
γ ·T for a tensor Tab··· generally represents the contraction γab···Tab···. The transformation
rules of dependent fields, of course, follow from those of independent fields and are found to
be
δωµ
ab = 2iε¯γabφµ − 2iε¯γ
[aRˆµ
b](Q)− iε¯γµRˆ
ab(Q)
−2iε¯γabcdψµvcd − 2iη¯γ
abψµ − 4ξK
[aeµ
b],
δφiµ = Dµη
i − 1
3
γµbcη v
bc + γbη vµb − ξ
a
Kγaψµ
+ γaε
ifµ
a − 332iε¯ψµχ
i − 332iε¯γ
aψµγaχ
i + iε¯(iγabψj)µ
(
Rˆabj(Q)−
1
32γabχj
)
+ 1
3
(
Rˆµb
i
j(U)γ
b − 1
8
γµγ ·Rˆ
i
j(U)
)
εj
− 112e
a
µ
(
3Dˆaγ ·vε
i + γabcdDˆ
bvcdεi + γabDˆcv
cbεi − 2γbcεiDˆbvca − 3ε
iDˆbvba
−γabcdeε
ivbcvde + 4vabvcdγ
bcdεi + 16vabv
bcγcε+ 5v
2γaε
i
)
,
δfµ
a = Dµξ
a
K − 2iη¯γ
aφµ +
5
6 iη¯γ
abcψµvbc + iη¯γbψµv
ab + 12iη¯Rˆµ
a(Q)
−56 iε¯γ
abcφµvbc + iε¯γbφµv
ab − 112iε¯
iγabcRˆbcij(U)ψ
j
µ
−16 iε¯γ
abcdψµDˆbvcd −
i
2 ε¯ψµDˆbv
ab
−56 iε¯γ
aψµv
2 − 83iε¯γ
bψµvbcv
ca + 16 iε¯γ
abcdeψµvbcvde
+eµ
b
(
1
2 iε¯ /ˆDRˆb
a(Q)− 12 iε¯γ
aDˆcRˆbc(Q) +
1
12δ
a
b iε¯Rˆ(Q)·v −
1
3 iε¯γbcRˆ
a
d(Q)v
cd
− 12iε¯γ
a
cRˆbd(Q)v
cd + 112iε¯γ ·vRˆb
a(Q) + 12iε¯Rˆbc(Q)v
ac
)
. (2.4)
Here the (unhatted) derivative Dµ is covariant only with respect to the homogeneous trans-
formations Mab,D and U
ij (and the G transformation for non-singlet fields under the
Yang-Mills group G), while the hatted derivative Dˆµ denotes the fully superconformal co-
variant derivative; that is, with hAµ denoting the gauge fields of the transformation XA, we
have
Dµ ≡ ∂µ −
∑
XA=Mab,D,U ij(,G)
hAµXA, Dˆµ ≡ Dµ −
∑
XA=Qi,Si,Ka
hAµXA. (2.5)
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Table II. Matter multiplets in 5D.
field type remarks SU(2) Weyl-weight
Vector multiplet
Wµ boson real gauge field 1 0
M boson real 1 1
Ωi fermion SU(2)-Majorana 2 32
Yij boson Y
ij = Y ji = (Yij)
∗
3 2
Hypermultiplet
Aαi boson A
i
α = ǫ
ijAβj ρβα = −(A
α
i )
∗
2
3
2
ζα fermion ζ¯α ≡ (ζα)
†γ0 = ζ
αTC 1 2
Fαi boson F
α
i ≡M
ZZAαi , F
i
α = −(F
α
i )
∗
2
5
2
Linear multiplet
Lij boson Lij = Lji = (Lij)
∗
3 3
ϕi fermion SU(2)-Majorana 2 72
Ea boson real, constrained 1 4
N boson real 1 4
The explicit forms of the curvatures Rˆµν
A = e bµe
a
ν [Dˆa, Dˆb]
A are given in Appendix B. The
covariant derivatives appearing in Eqs. (2.3) and (2.4) are given explicitly by
Dµε
i =
(
∂µ −
1
4ωµ
abγab +
1
2bµ
)
εi − V iµ jε
j,
Dµη
i =
(
∂µ −
1
4ωµ
abγab −
1
2bµ
)
ηi − V iµ jη
j,
Dµξ
a
K = (∂µ − bµ) ξ
a
K − ωµ
abξKb,
Dˆµvab = ∂µvab + 2ωµ[a
cvb]c − bvab +
i
8ψ¯µγabχ+
3
2 iψ¯µRˆab(Q),
Dˆµχ
i = Dµχ
i −Dψiµ + 2γ
cγabψiµDˆavbc − γ ·Rˆ(U)
i
jψ
j
µ + 2γ
aψiµǫabcdev
bcvde − 4γ ·vφiµ,
Dµχ
i =
(
∂µ −
1
4
ωµ
abγab −
3
2
bµ
)
χi − V iµ jχ
j . (2.6)
2.2. Matter multiplets in 5D
We here give the transformation rules for three kinds of matter multiplets: vector multi-
plets, hypermultiplets and linear multiplets. The components of these multiplets and their
properties are listed in Table II.
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2.2.1. Vector multiplet
All the component fields of this multiplet are Lie-algebra valued. For example, the first
component scalar M is the matrix Mαβ = M
I(tI)
α
β , where the tI are (anti-hermitian)
generators of the gauge group G: [tI , tJ ] = −fIJKtK . The Q and S transformation laws of
the vector multiplet are given by
δWµ = −2iε¯γµΩ + 2iε¯ψµM,
δM = 2iε¯Ω,
δΩi = −14γ
µνFˆµν(W )ε
i − 12 /ˆDMε
i + Y ijε
j −Mηi,
δY ij = 2iε¯(i /ˆDΩj) − iε¯(iγ ·vΩj) − i4 ε¯
(iχj)M − 2igε¯(i[M,Ωj)]− 2iη¯(iΩj), (2.7)
where the full covariant field strength Fˆµν(W ) and covariant derivatives are given explicitly
by
Fˆµν(W ) = 2∂[µWν] − g[Wµ, Wν ] + 4iψ¯[µγν]Ω − 2iψ¯µψνM,
DˆµM = (∂µ − bµ)M − g[Wµ,M ]− 2iψ¯µΩ,
DˆµΩ
i = DµΩ
i + 14γ ·Fˆ (W )ψ
i
µ +
1
2 /ˆDMψ
i
µ − Y
i
jψ
j
µ +Mφ
i
µ. (2.8)
Note that the gauge coupling constant g used in this paper is a symbolic notation; it repre-
sents different values for different factor groups when G is not a simple group.
2.2.2. Hypermultiplet
The hypermultiplet in 5D consists of scalars Aαi , spinors ζ
α and auxiliary fields Fαi . They
carry the index α (= 1, 2, · · · , 2r) corresponding to the representation of the gauge group
G′, which is lowered (or raised) with a G′-invariant tensor ραβ (and ρ
αβ with ργαργβ = δ
α
β )
as Aiα = A
β
i ρβα. This multiplet gives an infinite dimensional representation of the central
charge gauge group U(1)Z , which we regard as a subgroup of the full gauge group G =
G′ × U(1)Z .
The Q and S transformation rules of Aαi and ζ
α are given by
δAαi = 2iε¯iζ
α,
δζα = /ˆDAαj ε
j − γ ·v εjAαj −M∗A
α
j ε
j + 3Aαj η
j,
δFαi = 2iε¯i(αZζ
α) + 2i
α
ε¯Ω0Fαi , (2.9)
where θ∗ = M∗, Ω∗, · · · represent the G transformations with the parameters θ including the
central charge transformation, δG(θ) = δG′(θ) + δZ(θ
0); more explicitly, e.g.,
M∗A
α
i = δG′(M)A
α
i + δZ(M
0 = α)Aαi =
n∑
I=1
gM I(tI)
α
βA
β
i + αZA
α
i . (2.10)
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Here, Z is the generator of the U(1)Z transformation. The U(1)Z transformation of Aαi
defines an auxiliary field Fαi ≡ αZA
α
i , where α is the scalar component of the U(1)Z
vector multiplet V 0 = (M0 ≡ α, W 0µ , Ω
0i, Y 0ij).∗ The U(1)Z transformations of the other
components, Zζα and ZFαi , are defined by requiring
0 = /ˆDζα + 1
2
γ ·v ζα − 1
8
χiAαi +M∗ζ
α − 2Ωi∗A
α
i ,
0 = −DˆaDˆaA
α
i +M∗M∗A
α
i
+4iΩ¯i∗ζ
α − 2Yij∗A
αj − i4 ζ¯
αχ+ 18
(
D − 2 v2
)
Aαi . (2.11)
Note that Dˆµζ
α and M∗ζ
α contain the central charge transformation terms −W 0µZζ
α and
αZζα, respectively, and that both DˆaDˆaAαi andM∗M∗A
α
i contain ZF
α
i = αZ(ZA
α
i ). Hence
these conditions (2.11) indeed determine the Zζα and ZFαi .
The explicit forms of the covariant derivatives DˆµAαi and Dˆµζ
α are given by
DˆµA
α
i =
(
∂µ −
3
2bµ
)
Aαi − VµijA
αj − gWµ
α
βA
β
i −W
0
µ
1
α
Fαi − 2iψ¯µiζ
α ,
Dˆµζ
α = Dµζ
α − /ˆDAαj ψ
j
µ + γ ·v ψ
j
µA
α
j +M∗A
α
j ψ
j
µ − 3A
α
j φ
j
µ ,
with Dµζ
α =
(
∂µ −
1
4ωµ
abγab − 2bµ
)
ζα − gWµ
α
βζ
β −W 0µZζ
α . (2.12)
For completeness, we also give an explicit form for DˆaDˆaAαi , which can be obtained by using
the formula (2·31) in Ref. 4),
δ(ε)Dˆaφ = ε
AXA(Dˆaφ) = ε
ADˆa(XAφ)− ε
AfaA
B¯XB¯φ. (2.13)
If we note that εAfaA
B¯ in the last term is equal to the terms containing no gauge fields in
eµaδ(ε)h
B¯
µ (i.e., terms proportional to the vielbein e
c
µ in δ(ε)h
B¯
µ ), we easily find
DˆaDˆaA
α
i =
(
∂a − 52b
a
)
(DˆaA
α
i )− e
µaωµab(Dˆ
bAαi )− V
a
ijDˆaA
αj − gW aαβDˆaA
β
i
−W 0aDˆa(
1
α
Fαi )− 2iψ¯
a
i Dˆaζ
α − 3eµafµ
aAαi −
1
4iψ¯a(iγ
aχj)A
αj
− 2igψ¯aγ
aΩαβA
β
i − 2iψ¯aγ
aΩ0 1
α
Fαi − iψ¯
a
i γabcζ
αvbc − 2iφ¯ai γaζ
α . (2.14)
2.2.3. Linear multiplet
The linear multiplet consists of the components listed in Table II and may generally carry
a charge of the gauge group G.
The Q and S transformation laws of the linear multiplet are given by
δLij = 2iε¯(iϕj),
∗ We used the notation Aµ to denote the gravi-photon field W
0
µ
in previous papers. However, we here
use W 0
µ
instead, since Aµ is used to denote the U(1) gauge field of the 4D superconformal group.
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δϕi = − /ˆDLijεj +
1
2γ
aεiEa +
1
2ε
iN + 2γ ·vεjL
ij +M∗L
ijεj − 6L
ijηj ,
δEa = 2iε¯γabDˆbϕ− 2iε¯γ
abcϕvbc + 6iε¯γbϕv
ab + 2iε¯γaM∗ϕ− 4iε¯
iγaΩj∗Lij − 8iη¯γaϕ,
δN = −2iε¯ /ˆDϕ− 3iε¯γ ·vϕ+ 12 iε¯
iχjLij + 4iε¯
(iΩj)∗ Lij − 6iη¯ϕ, (2.15)
with θ∗ defined above in Eq. (2.10). The closure of the algebra demands that E
a satisfy the
following Q- and S-invariant constraint:
DˆaE
a +M∗N + 4iΩ¯∗ϕ+ 2Y
ij
∗ Lij = 0. (2.16)
§3. 4D superconformal tensor calculus
The N = 1 4D formulation of superconformal tensor calculus has been known for a long
time. 9), 10), 11), 12), 13), 14) Here we cite the results, mainly following Kugo and Uehara 11), 12) in
the present notation. However, strangely enough, the transformation rules for the multiplets
that carry the gauge group charges have not previously been given in the literature. Our
expressions given here are also valid for such cases.
3.1. Weyl multiplet
The 4D superconformal group consists of the usual bosonic conformal transformations,
Pa, Mab, D and Ka, plus a bosonic U(1) symmetry A and fermionic Majorana Q and S
supersymmetries. For simplicity of notation, we use the same symbols for the gauge fields,
curvatures, etc., in 4D as in 5D, although they, of course, denote different quantities. From
this point, the world vector indices µ, ν, · · · and Lorentz indices a, b, · · · are considered to run
only over 0, 1, 2 and 3. We attach a superscript indicating the dimensions, “(4)” or “(5)”,
when the distinction is relevant. The Weyl multiplet in 4D consists of 12 Bose plus 12 Fermi
gauge fields and no ‘matter’ fields:
eµ
a, ψµ, Aµ, bµ, (3.1)
where Aµ is the gauge field for the U(1) transformation A. In this 4D case, the Mab, S
and Ka gauge fields ωµ
ab, φµ and fµ
a are also dependent fields, as stipulated by the usual
constraints,
Rˆab
c(P ) = 0, γbRˆab(Q) = 0, Rˆab(M)−
1
2
˜ˆ
Rab(A) = 0, (3.2)
where the tilde denotes the dual tensor F˜ab ≡ ǫabcdF cd/2. The solution for the spin connection
ωabµ to the first constraint takes the same form as that in 5D given in Eq. (2.2). The solutions
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for φµ and fµ
a to the latter two constraints have coefficients that differ slightly from those
in 5D, given in Eq. (2.2), and are given by
φµ = −
i
3
γaRˆ′µa(Q) +
i
12
γµabRˆ
′ab(Q),
fµ
a = 1
4
Rˆ′µ
a(M)− 1
8
˜ˆ
Rµ
a(A)− 1
24
eµ
aRˆ′(M) . (3.3)
The Q, S, Ka and A transformation laws of the gauge fields are given as follows. With
δ = δQ(ε) + δS(η) + δK(ξ
a
K) + δA(θ),
δeµ
a = −2iε¯γaψµ,
δψµ = Dµε+ iγµη +
3
4
θiγ5ψµ,
δbµ = −2ε¯φµ + 2η¯ψµ − 2ξKµ,
δAµ = 4iε¯γ5φµ − 4iη¯γ5ψµ + ∂µθ,
δωµ
ab = 2ε¯γabφµ − 2iε¯γµRˆ
ab(Q) + 2η¯γabψµ − 4ξ
[a
Keµ
b],
δφµ = Dµη + iγaεfµ
a − iξaKγaψµ +
i
4γ
aε
˜ˆ
Rµa(A)−
1
4γ
aγ5ε Rˆµa(A)−
3
4θiγ5φµ,
δfµ
a = Dµξ
a
K − 2iη¯γ
aφµ − iε¯γµDˆbRˆ
ab(Q), (3.4)
where the covariant derivatives of transformation parameters are defined by
Dµε =
(
∂µ −
1
4ωµ
abγab +
1
2bµ −
3
4 iγ5Aµ
)
ε,
Dµη =
(
∂µ −
1
4ωµ
abγab −
1
2bµ +
3
4 iγ5Aµ
)
η,
Dµξ
a
K = (∂µ − bµ) ξ
a
K − ωµ
abξKb. (3.5)
3.2. Matter multiplets
3.2.1. Gauge multiplet
A multiplet that contains the gauge field of a gauge group G is a gauge multiplet
[Bgµ, λ
g, Dg]. The Q, S and K transformation laws are given by
δBgµ = −iε¯γµλ
g,
δλg = −1
2
γ ·Fˆ (Bg)ε+ iγ5εD
g + 3
4
θiγ5λ
g,
δDg = ε¯γ5 /ˆDλ
g, (3.6)
where Fˆµν(B
g)
(
= Rˆµν(G)
)
is a super-covariantized field strength given by
Fˆµν(B
g) = 2∂[µB
g
ν] − [B
g
µ, B
g
ν ] + 2iψ¯[µγν]λ
g,
Dˆµλ
g = Dµλ
g + 1
2
γ ·Fˆ (Bg)ψµ − iγ5ψµD
g,
with Dµλ
g = (∂µ −
1
4ωµ
abγab −
3
2bµ −
3
4Aµiγ5)λ
g. (3.7)
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Table III. Weyl and Matter multiplets in 4D.
field type remarks Weyl-weight
Wyle multiplet
eµ
a boson real −1
ψµ fermion Majorana −
1
2
Aµ boson real 0
bµ boson real 0
Complex (real) general multiplet
C boson complex (real) w
ζ fermion Dirac (Majorana) w + 12
H, K, Ba boson complex (real) w + 1
λ fermion Dirac (Majorana) w + 32
D boson complex (real) w + 2
gauge multiplet (w = n = 0)
Bgµ boson adjoint rep. 0
λg fermion Majorana, adjoint rep. 32
Dg boson adjoint rep. 2
chiral multiplet (w = n)
A boson complex w
χ fermion Majorana w + 12
F boson complex w + 1
real linear multiplet (w = 2, n = 0)
CL boson real 2
ζL fermion Majorana 5
2
BLa boson real, constrained 3
As is well known in the rigid supersymmetry case, this gauge multiplet is embedded into a
superfield strength multiplet Wα, a chiral multiplet with an external spinor index α, whose
first component is λgα. [See Ref. 12) for discussion of superconformal multiplets with external
Lorentz indices.]
3.2.2. Complex (or real) general multiplet Φ
A maximal unconstrained multiplet whose first component is a complex scalar C, is called
a ‘complex general multiplet’. Its full components are listed in Table III. The dilatation and
U(1) transformations of the first component C define the Weyl and chiral weights, w and n,
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of the multiplet,
δD(λD)C = wλDC , δA(θ)C =
i
2nθC , (3
.8)
and the multiplet is characterized by these weights w and n. When the chiral weight van-
ishes (n = 0), the complex general multiplet decomposes into two irreducible real general
multiplets, whose components are all real or Majorana fields. The transformation laws of
the complex general multiplet are given as follows (with those of the real general multiplet
obtained by simply setting n = 0):
δC = iε¯γ5ζ +
1
2 inθC,
δζ =
(
iγ5H −K + i /B + /ˆDCγ5
)
ε
+2i(n+ wγ5)Cη +
(
1
2 in−
3
4iγ5
)
θζ,
δH = ε¯γ5 /ˆDζ + ε¯iγ5λ− η¯ ((w − 2)iγ5 + in) ζ +
(
1
2inH +
3
2K
)
θ,
δK = iε¯ /ˆDζ − ε¯λ− η¯ ((w − 2) + nγ5) ζ +
(
1
2inK −
3
2H
)
θ,
δBa = −ε¯Dˆaζ − iε¯γaλ
−iη¯ ((w + 1) + nγ5) γaζ +
1
2inθBa + 2niξKaC,
δλ = −12γ ·Fˆ ε+ iγ5εD
+
(
iγ5H +K − i /B − /ˆDCγ5
)
(w + nγ5)η
+
(
1
2 in+
3
4 iγ5
)
θλ+ i(w + nγ5)ξ
a
Kγaζ,
δD = ε¯γ5 /ˆDλ+
1
2 inθD
−η¯(wγ5 + n) /ˆDζ − 2iη¯(wγ5 + n)λ+ 2wξ
a
KDˆaC + 2niξ
a
KBa, (3.9)
where Fˆab is a field-strength-like quantity given by
Fˆab = 2Dˆ[aBb] +
1
2ǫabcd[Dˆ
c, Dˆd]C. (3.10)
To this point, this general multiplet has tacitly been assumed to carry no extra charges. If it
carries charges of the gauge group G, the transformation rules are slightly modified. First,
the G-covariantization term −δG(Bgµ) should also be included in the full-covariant derivative
Dˆµ. Second, the following terms should be added to the above transformation laws (3.9):
∆[δBa] = ε¯γ5γaλ
g
∗C ,
∆[δλ] = −εDg∗C + γ
aε1
2
λ¯g∗γaζ + γ
aγ5ε
1
2
λ¯g∗γaγ5ζ ,
∆[δD] = ε¯γ5γ
aλg∗Ba + iε¯ /ˆD(λ
g
∗C) + ε¯D
g
∗ζ , (3.11)
where θ∗ = (λ
g
∗, D
g
∗) denotes the G transformation, θ∗Φ = δG(θ)Φ.
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3.2.3. Chiral multiplet Σ
The chiral multiplet Σ = [A, PRχ, F ] (PR ≡
1
2(1 + γ5)) can exist when w = n, and
the anti-chiral multiplet Σ∗ = [A∗, PLχ, F
∗], where PL ≡
1
2(1 − γ5), when w = −n. Their
embedding into the complex general multiplet is given by
Φ(Σ) = [A, −iPRχ, −F , iF , iDˆaA, −2iPLλ
g
∗A, −iD
g
∗A],
Φ(Σ∗) = [A∗, iPLχ, −F
∗, −iF∗, −iDˆaA
∗, 2iPRλ
g
∗A
∗, iDg∗A
∗] . (3.12)
The transformation laws of these multiplets can be read from those of Φ as follows:
δA = ε¯PRχ+
i
2wθA,
δ(PRχ) = PR
(
−2i /ˆDAε+ 2Fε− 4wAη + i
2
(w − 3
2
)θχ
)
,
δF = −iε¯ /ˆD(PRχ) + 2ε¯PLλ
g
∗A+ 2(w − 1)η¯PRχ +
i
2(w − 3)θF . (3
.13)
3.2.4. Real linear multiplet L
This multiplet, which is denoted by L = [CL, ζL, BLa ], can exist only in the case that the
weight is w = 2, n = 0. The vector component BLa is subject to the constraint
0 = DˆaBLa −D
g
∗C
L + λ¯g∗ζ
L . (3.14)
Interestingly, this constraint is solvable in the case that this multiplet that G-inert or the
matrix Dg∗ is invertible. This multiplet is also embedded into the real general multiplet in
the form
Φ(L) = [CL, ζL, 0, 0, BLa , i /ˆDζ
L, DˆaDˆaC
L − iλ¯g∗γ5ζ
L]. (3.15)
The transformation laws of the components can also be read from those of Φ.
§4. Identification of N = 1, d = 4 supermultiplets at the boundary
We must treat 5D and 4D fields simultaneously from this point. We use the vector
indices µ, ν, · · · and a, b, · · · as the 4D indices running over 0, 1, 2 and 3, and write the fifth
component as y for world vector and as 4 for the Lorentz vector. For instance, a 5D vector
is written (Vµ, Vy) or (Va, V5).
From the viewpoint of the four-dimensional boundary plane, any supermultiplet in the
5D bulk is reducible to an infinite number of supermultiplets of 4D superconformal algebra.
We here identify all the basic 4D supermultiplets that each contains at least one bulk field on
the boundary without derivative ∂y (with respect to the transverse direction y) as a member.
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4.1. 4D Weyl multiplet from a 5D one
The fields φ are classified as even and odd fields under the Z2 parity transformation
y ≡ x4 → −y. The Z2 parity eigenvalue Π(φ) = ±1 is defined by
φ(−y) = Π(φ)φ(y). (4.1)
For SU(2)-Majorana spinor fermions ψi (i = 1, 2), however, the Z2 parity transformation
mixes the two components ψ1 and ψ2 as 20)
ψi(−y) = Π(ψ) γ5M
i
jψ
j(y), (4.2)
where M ij is a 2 × 2 matrix satisfying M∗ = −σ2Mσ2, where M = σ3 in our convention.
We therefore define the combinations of spinors ψi
ψ+(y) ≡ ψ
1
R(y) + ψ
2
L(y),
ψ−(y) ≡ i
(
ψ1L(y) + ψ
2
R(y)
)
,
(
ψR
L
≡
1± γ5
2
ψ
)
(4.3)
which give the Z2 parity eigenstates
ψ±(−y) = ±Π(ψ)ψ±(y), (4.4)
also satisfying the 4D Majorana property ψ¯± ≡ (ψ±)†γ0 = ψT±C4.
The Z2 parity eigenvalues are assigned to fields by demanding the invariance of the
action and the consistency of both sides of the superconformal transformation rules. We
list in Table IV the Z2 parity eigenvalues for the Weyl multiplet fields and Q- and S-
transformation parameters ε and η, 21) where the ‘isovector’ notation ~t = (t1, t2, t3) is used,
which we generally define for any symmetric SU(2) tensor tij [satisfying hermiticity tij =
(tij)
∗] according to
tij(= t
ikǫkj) ≡ i~t · ~σ
i
j . (4.5)
The even parity fields are non-vanishing on the 4D boundary planes at y = 0 and y = y˜ and
can form 4D superconformal multiplets there. In four dimensions, the parameters of the Q
and S supersymmetry transformations are both 4-component Majoranas. In accordance with
this, half of the parameters of 5D the Q and S supersymmetries vanish on the boundaries,
with only ε+ and η−, respectively, remaining non-vanishing. These non-vanishing parameters
are indeed the Majorana spinors.
First of all, the 4D superconformal Weyl multiplet is induced on the boundary planes
from the 5D bulk Weyl multiplet, and the multiplet members can be identified as follows,
comparing the superconformal transformation laws in 4D and 5D cases; that is, the following
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Table IV. Z2 parity eigenvalues
21)
Weyl multiplet
Π = +1 eaµ, e
4
y, ψµ+, ψy−, ε+, η−, bµ, V
3
µ , V
1,2
y , v
4a, χ+, D
Π = −1 e4µ, e
a
y, ψµ−, ψy+, ε−, η+, by, V
3
y , V
1,2
µ , v
ab, χ−
Vector multiplet V
ΠV M, Wy, Y
1,2, Ω−
−ΠV Wµ, Y 3, Ω+
Linear multiplet L
ΠL L
1,2, N, E4, ϕ+
−ΠL L3, Ea, ϕ−
Hypermultiplet H
Παˆ A
2αˆ−1
i=1, A
2αˆ
i=2, F
2αˆ−1
i=2, F
2αˆ
i=1, ζ
αˆ
−
−Παˆ A
2αˆ−1
i=2, A
2αˆ
i=1, F
2αˆ−1
i=1, F
2αˆ
i=2, ζ
αˆ
+
5D fields on the right-hand sides can be seen to transform in exactly the same way as the
4D Weyl multiplet obeying the superconformal transformation rule (3.4). (Noting that the
5D fields are always understood to be those evaluated at the boundary, y = 0 or y˜, in the
relations between the 4D and 5D cases):
e(4)µ
a = eµ
a, ψ(4)µ = ψµ+, b
(4)
µ = bµ,
ω(4)µ
ab = ωµ
ab, A(4)µ =
4
3
(
V 3µ + vµ4
)
,
φ(4)µ = φµ− − γ5γ
ava4ψµ+ +∆φµ,
f (4)µ
a = fµ
a − ψ¯µ+∆φ
a +∆fµ
a (4.6)
with ∆φµ and ∆fµ
a given by
∆φµ ≡
1
2iγ5Rˆµ4(Q)−,
∆fµ
a ≡ −16ǫµ
abc
(
Dˆbvc4 +
1
2Rˆbc
3(V )
)
+ 14Rˆµ4
a4(M). (4.7)
Note, however, that the 4D Q supersymmetry transformation δ
(4)
Q (ǫ) here is identified with
the linear combination of 5D transformations at the boundaries
δ
(4)
Q (ε = ε+) = δQ(ε+) + δS(γ5γ
ava4ε+) + δK(ε¯+∆φ
a), (4.8)
and the other 4D superconformal transformations, the U(1) transformation δ
(4)
A (θ), S super-
symmetry transformation δ
(4)
S (η), etc., are identified as
δ
(4)
A (θ =
4
3θ
3) = δU(θ
3), δ
(4)
S (η = η−) = δS(η−),
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δ
(4)
D (ρ) = δD(ρ), δ
(4)
M (λ
ab) = δM(λ
ab), δ
(4)
K (ξ
a
K) = δK(ξ
a
K). (4.9)
With these identifications of the fields and superconformal transformations, we have the
following relation between the superconformal covariant derivatives in 4D and 5D:
Dˆ(4)a = Dˆa − δU3(va4)− δS(∆φa)− δK(∆fa
b). (4.10)
If we regard this equation and [Dˆa, Dˆb] = −RˆabAXA as holding in any dimensions, we can
most easily find the expressions (4.7) for∆φµ and∆fµ
a. Indeed, comparing the coefficients of
XA = Q
i, Mab and U
3 on both sides of the commutators of Eq. (4.10), we straightforwardly
find the relations between the curvatures in the 4D and 5D cases:
Rˆ
(4)
ab (Q) = Rˆab(Q)+ − 2γ[a∆φb],
Rˆ
(4)
ab
cd(M) = Rˆab
cd(M) + 8∆f[a
[cδ
d]
b] ,
3
4Rˆ
(4)
ab (A) = Rˆab
3(U) + 2Dˆ[avb]4. (4.11)
Applying to these relations the constraints on the Q and Mab curvatures in both cases, we
immediately find the above expressions (4.7) for ∆φµ and ∆fµ
a.
In addition to this 4D Weyl multiplet, the 5D Weyl multiplet also induces a 4D ‘matter’
multiplet. Indeed, the extra dimensional component e4y of the fu¨nfbein is also non-vanishing
on the boundaries and is S- and K-inert, so that it can be the first component of a su-
perconformal multiplet. 12) It turns out to be a general multiplet Wy with Weyl and chiral
weights (w, n) = (−1, 0). The identification of the multiplet members is given by
Wy ≡ (C, ζ,H,K,Ba, λ,D)
=
(
e4y, −2ψy−, −2V
2
y , 2V
1
y , −2vay,
i
4
γ5χ+ey
4 + 2φy+ + 2γ5γ
bvb4ψy−,
(
1
4D − (va4)
2
)
ey
4 − 2fy
4 + i4 χ¯+γ5ψy−
)
. (4.12)
These fields transform according to the general multiplet transformation rule (3.9), provided
that the covariant derivatives Dˆ(4)µ appearing there are understood to be given by
Dˆ(4)µ e
4
y = eµaωy
a4 = D(4)µ e
4
y + 2iψ¯µ+γ5ψy− − ∂ye
4
µ,
Dˆ(4)µ ψy− = D
(4)
µ ψy− + [−V
1
y − iγ5V
2
y − iγ
bvby +
1
2( /ˆD
(4)
e4y)γ5]ψµ+ − ie
4
yγ5φ
(4)
µ − ∂yψµ−
= Rˆµy(Q)− + iγµφy+ + iγ5γ
ava4γµψy−, (4.13)
with the ‘homogeneous covariant derivative’ D(4)µ = ∂µ−δM(ω
ab
µ )−δD(bµ)−δA(Aµ) covariant
only with respect to the homogeneous transformationsMab, D andA. The last terms, −∂ye4µ
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in Dˆ(4)µ e
4
y and −∂yψµ− in Dˆ
(4)
µ ψy−, are unusual and appear as a result of the fact that e
4
y and
ψy− carry strange ‘new’ charges, as we now explain.
Generally, if a 5D local transformation parameter Λ(x, y) is Z2-odd, it vanishes on the
boundary. However, its first derivative with respect to y, ∂yΛ(x, y), is Z2-even and gives
a non-vanishing 4D gauge transformation parameter ∂yΛ(x, 0) ≡ Λ
(1)(x) on the boundary.
Therefore, for the Z2-odd parts of the 5D superconformal transformation parameters, there
exist the corresponding 4D gauge transformations with parameters given as follows:
ξy of GC transformation P → ξ(1)(x) ≡ ∂yξy(x, 0),
ε− of Q supersymmetry → ε(1)(x) ≡ ∂yε−(x, 0),
θ1, θ2 of SU(2) transformation U → θ
(1)
1, 2(x) ≡ ∂yθ1, 2(x, 0),
λa
4 of local Lorentz M → λ(1)a (x) ≡ ∂yλa
4(x, 0),
η+ of S supersymmetry → η(1)(x) ≡ ∂yη+(x, 0),
ξ4K of special conformal K → ξ
(1)
K (x) ≡ ∂yξ
4
K(x, 0).
(4.14)
The general multiplet Wy in Eq. (4.12) transforms non-trivially under these transforma-
tions. Under the first ξ(1) transformation, every member of Wy undergoes a common scale
transformation,
δWy = ξ
(1)Wy, (4.15)
and many members of Wy are shifted inhomogeneously as Nambu-Goldstone fields under
other transformations:
δWy = (0, −2ε
(1), −2θ(1)2 , 2θ
(1)
1 , 0, 2η
(1), −2ξ(1)K +
i
4 ε¯
(1)γ5χ+). (4.16)
We find the gauge fields for these transformations to be
E(1)µ ≡ (ey
4)−1∂yeµ
4 for ξ(1),
ψ(1)µ ≡ ∂yψµ− −Eµ
(1)ψy− for ε
(1),
V (1)1,2µ ≡ ∂yV
1,2
µ − E
(1)
µ V
1,2
y for θ
(1)
1,2,
...
...
...
(4.17)
The last terms −∂ye4µ in Dˆ
(4)
µ e
4
y and −∂yψµ− in Dˆ
(4)
µ ψy−, in Eq. (4.13) can be understood to
be identically the terms that appear as the gauge covariantization −δξ(1)(E
(1)
µ ) − δε(1)(ψ
(1)
µ )
using these gauge fields E(1)µ and ψ
(1)
µ .
Since the general multiplet Wy transforms non-trivially under these gauge transforma-
tions (4.14), the utility of the multiplet Wy is rather limited. If we wish to use it in con-
structing 4D invariant actions on the brane with the other multiplets, we must satisfy the
gauge invariance also under the transformations (4.14), which seems a non-trivial task.
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4.2. From a vector multiplet
We define the Z2-parity ΠV of the vector multiplet V = (M, Wµ,y, Ω
i, Y ij) to be that
of the first scalar component M . The Z2-parity quantum numbers of the other members are
given in Table IV.
If a vector multiplet V is assigned odd Z2-parity ΠV = −1, then the components Wµ,
Ω+ and Y
3 are even and non-vanishing on the brane, and it gives a 4D gauge multiplet
(Bgµ, λ
g, Dg) defined in Eq. (3.6) with (w, n) = (0, 0) with the following identification:
(Bgµ, λ
g, Dg) = (Wµ, 2Ω+, 2Y
3 − Dˆ4M). (4.18)
This implies that, if ΠV = −1, the bulk Yang-Mills multiplets can also couple to the matter
multiplets on the brane as the 4D Yang-Mills multiplets.
If a vector multiplet V has even Z2-parity, ΠV = +1, then we can identify the following
real general-type multiplet with weight (w, n) = (1, 0), whose first component is M :
(C, ζ, H, K, Ba, λ, D)
=
(
M, −2iγ5Ω−, 2Y
1, 2Y 2, Fˆa4(W ) + 2va4M,
−2Dˆ4Ω+ + 2iγ
ava4Ω− −
i
4γ5χ+M,
Dˆ24M − 2Dˆ4Y
3 − 14DM + v
a
4(2Fˆa4(W ) + va4M) +
1
2 χ¯+Ω−
)
. (4.19)
The field D in the term −1
4
DM is the auxiliary field D in the 5D Weyl multiplet.
In the latter case of ΠV = +1, we can construct a 4D chiral multiplet with weight
(w, n) = (0, 0):
A = 12(Wy + ie
4
yM) ,
χ = 2ψy−M + 2ie
4
yγ5Ω− ,
F = (V 1y + iV
2
y )M − ie
4
y(Y
1 + iY 2)− ψ¯y−(1 + γ5)Ω− . (4.20)
However, this multiplet is also of limited utility because of its non-trivial transformation
properties under the gauge transformation Λ(1) ≡ ∂yΛ(x, 0) as well as the above ξ(1), ε(1), θ
(1)
1
and θ
(1)
2 transformations.
4.3. From a hypermultiplet
A hypermultiplet Hα = (Aαi , ζ
α, Fαi ) (α = 1, 2, · · · , 2r) generally splits into r pairs
(H2αˆ−1,H2αˆ) (αˆ = 1, 2, · · · , r) in the standard representation, 22) in which ραβ = ǫ ⊗ 1r.
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Then, the following 2×2 matrix of (A2αˆ−1i ,A
2αˆ
i ) for each αˆ possesses the same real structure
as a quaternion q = q0 + iq1 + jq2 + kq3 mapped to a 2× 2 matrix: A2αˆ−1i=1 A2αˆ−1i=2
A2αˆ i=1 A
2αˆ
i=2
 ↔ q012 − i~q · ~σ =
(
q0 − iq3 −iq1 − q2
−iq1 + q2 q0 + iq3
)
. (4.21)
The matrix element fields of this matrix and those of the similar matrix (F2αˆ−1i,F2αˆi) for
the auxiliary fields give the Z2 parity eigenstates. For spinors, the pair (ζ
2αˆ−1, ζ2αˆ) for each αˆ
satisfies the same realness condition as the SU(2)-Majorana spinor ψi = (ψ1, ψ2), so that we
can define the Z2-parity eigenstate 4D-Majorana spinors ζ
αˆ
± in the same way as in Eq. (4.3);
ζ αˆ+ ≡ ζ
2αˆ−1
R + ζ
2αˆ
L and ζ
αˆ
− ≡ i
(
ζ2αˆ−1L + ζ
2αˆ
R
)
.
Then, if the 1-1 component A2αˆ−1i=1 has Z2-parity Παˆ, the Z2-parity quantum numbers
of the other hypermultiplet members are given as listed in Table IV. For either choice of
the Z2 parity assignment Παˆ = ±1, we obtain the following 4D chiral multiplet with weight
(w, n) = (3/2, 3/2):
(A, χR, F) =
(
A2αˆi=2, −2iζ
2αˆ
R , (iM∗A+ Dˆ4A)
2αˆ
i=1
)
,
(A, χR, F) =
(
A2αˆ−1i=2 , −2iζ
2αˆ−1
R , (iM∗A+ Dˆ4A)
2αˆ−1
i=1
)
, (4.22)
for Παˆ = ±1, respectively. Since M∗Aαi = gM
I(tI)
α
βA
β
i + F
β
i , the F -components of these
chiral multiplets contain the Fαi components of the hypermultiplet.
4.4. From a linear multiplet
The Z2 parity quantum numbers for the linear multiplet L = (L
ij , ϕi, Ea, N), are listed
in Table IV.
In the case ΠL = +1, we can identify the following 4D chiral multiplet with the weight
(w, n) = (3, 3) on the brane:
(A, χ, F) =
(
−L1 + iL2, 2ϕ+,
1
2(N + iE4)− Dˆ4L
3 − iM∗L
3
)
. (4.23)
In the case ΠL = −1, the scalar component L3 is non-vanishing on the brane. Since it is S-
and K-inert and carries Weyl and chiral weights (w, n) = (3, 0), there is a 4D general-type
real multiplet with weight (w, n) = (3, 0) starting with L3. We identify the components
other than the last D component as
(C, ζ, H, K, Ba, λ, D)
=
(
L3, −ϕ−, −M∗L
2 + Dˆ4L
1, M∗L
1 + Dˆ4L
2, −12Ea + 2va4L
3,
− i /ˆD
(4)
ϕ− + iγ5Dˆ4ϕ+ +M∗ϕ+ − γ5γ
ava4ϕ−
− 2Ω−∗L
1 + 2iγ5Ω−∗L
2 − i4γ5χ+L
3, · · ·
)
. (4.24)
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§5. Compensator and general brane action
As is well known, we need not only the Weyl multiplet but also a special matter field called
a ‘compensator’ in order to derive the superconformal invariant supergravity actions. The
compensator multiplet is used to fix the extraneous gauge freedoms of the superconformal
symmetries, like D, A and S, as well as to saturate the required Weyl and chiral weights
when applying the invariant action formulas.
The most common formulation in the 4D case is called ‘old minimal’ supergravity, 17)
where the compensator used is a chiral multiplet Σ with weight w = n = 1. The general
superconformal invariant action in 4D is given by
Sbrane =
∫
d5x [δ(y) + δ(y − y˜)]
×
([
ΣΣ¯eK(S,S¯)
]
D
+
[
fIJ(S)W
IαW Jα
]
F
+
[
Σ3W (S)
]
F
)
, (5.1)
where K(S, S¯) and W (S) are Ka¨hler potential and superpotential functions, respectively,
and [· · ·]D and [· · ·]F represent the D-term and F-term invariant action formulas in the 4D
superconformal tensor calculus, 11) explained in Appendix C. The quantities Si are the 4D
chiral matter multiplets with weight w = n = 0, and W Iα denotes the superfield strength of
the 4D Yang-Mills multiplets V I . Both of these chiral and gauge multiplets, S and V , may
be genuine 4D multiplets existing solely on the brane or induced multiplets on the boundary
from the 5D bulk multiplets.
The 4D Weyl multiplet used in expressing the action formulas in Eq. (5.1) should, of
course, be the induced Weyl multiplet found in the previous section. Since gravity is unique,
we cannot add a genuine 4D Weyl multiplet on the brane in addition to the induced one. In
the same sense, we cannot add a genuine 4D compensator on the brane in addition to that
induced from the bulk compensator fields.
Let us now identify the 4D compensator induced from the 5D bulk compensator. The
most useful and common choice of the 5D compensator is the hypermultiplet, which we
discussed in Ref. 5). Consider the simplest case of a single-quaternion compensator (p =
1) in which the hypermultiplet compensator is given by Ha = (Aai , ζ
a, Fai ) (a = 1, 2).
Then, as seen in the previous section, this hypermultiplet gives the 4D chiral multiplet
Σc = (Ac, χc, Fc) with weight (w, n) = (3/2, 3/2) on the brane, assuming the Z2 parity
assignment Πa = +1:
Σc :

Ac = Aa=2i=2
χcR = −2iζ
a=2
R
Fc = iFa=2i=1 + ig(MA)
a=2
i=1 + Dˆ4A
a=2
i=1
. (5.2)
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Since this multiplet Σc carries Weyl and chiral weights w = n = 3/2, we should identify
Σ2/3c with the 4D chiral compensator Σ, with w = n = 1 induced on the brane. Note that,
if the 5D superconformal gauges are fixed, for example, by the conditions
D, U ij : Aai =
 1 0
0 1
 ,
Si : ζa = 0 (5.3)
in the bulk, then, these yield the conditions
D, A : A = 1, S : χ = 0, (5.4)
on Σ ≡ Σ2/3c = (A, χ,F) on the boundary. These are the same 4D superconformal gauge fix-
ing conditions as imposed on the usual chiral compensator in the case of a pure supergravity
system. 11)
This brane action (5.1) gives superconformal invariant coupling between the 4D matters
on the brane and the 5D bulk fields through the induced Weyl, Yang-Mills and compensating
multiplets.
§6. Altendorfer-Bagger-Nemeschansky approach
We next illustrate how the action is given for the bulk-plus-brane system by considering
the simplest case, in which the bulk is a pure supergravity system with U(1)R gauged, and
the brane contains only the tension term. This is the system that was first constructed by
Altendorfer, Bagger and Nemeschansky 23) in an attempt to supersymmetrize the Randall
and Sundrum 24) scenario.
In our off-shell formulation, the system contains a 5D Weyl multiplet, the hypermul-
tiplet compensator Ha = (Aai , ζ
a, Fai ) (a = 1, 2) and a vector multiplet V0 = (M
0 =
α, W 0µ , Ω
0i, Y 0ij) coupling to the central charge Z of the hypermultiplet. Note here that
this central charge vector multiplet V0 is simultaneously the U(1)R gauge multiplet coupling
to the U(1)R-charge which is in general represented by a 2 × 2 matrix (tR)ab acting on the
group index a = 1, 2 of Ha:
tR = i ~Q · ~σ = i(Q
1σ1 +Q
2σ2 +Q
3σ3), | ~Q | = 1. (6.1)
Here, V0 can be made to play such a double role if we add a ‘mass term’ mη
abLV L(V0 ·
L(Ha,Hb)) to the Lagrangian with a symmetric tensor η
ab related to the U(1)R generator
tR by gR(tR)
ab = mηab/2. (Here, LV L(V · L) is the invariant V -L action formula [Eq. (4·5)
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in I], and L(Ha,H
′
b) is the embedding formula [Eq. (4·3) in I] of two hypermultiplets H
and H ′ into a linear multiplet.) The bulk Lagrangian is given in the form
−2LV L
(
V0 ·L(H
a,ZHb +
1
2mηb
cHc)
)
+ LV L
(
V0 ·L(−cV
2
0 )
)
, (6.2)
where ZHa is the central-charge transformed hypermultiplet whose first component is
ZAai = Fai/α, and L(
1
2
fIJV
IV J) denotes generally the embedding formula [Eq. (4·1)
in I] of vector multiplets V I into a linear multiplet based on the homogeneous quadratic
function f(M) = 1
2
fIJM
IMJ . The quantity LV L
(
V0 · L(−cV 20 )
)
here thus corresponds to
the choice of f(α) = −cα2 and to the action with ‘norm function’ 25) N (α) = cα3, where c is
a constant coefficient. The explicit component form of the action (6.2) can be read form the
general expression given in Ref. 5). The extraneous gauges are generally fixed by the gauge
conditions
D : N = 1, S : ΩIiNI = 0, K : DˆaN = 0 . (6.3)
The first D gauge-fixing condition N = cα3 = 1 may equivalently be replaced by AaiA
i
a =
−2, thanks to the auxiliary field equation δS/δD ∝ AaiA
i
a + 2N = 0. Similarly, if we use
the equation of motion δS/δχi ∝ Aai ζa + NIΩ
I
i = 0, the S-gauge condition NIΩ
I
i = 0 is
equivalent to Aai ζa = 0. Then, imposing also A
a
i ∝ δ
a
i as the U
ij gauge-fixing conditions,
these conditions reproduce the previous gauge-fixing conditions (5.3). The kinetic term
−(1/4)F 2µν(W
0) of the gravi-photon field W 0µ has the coefficient −(1/2)N (∂
2 lnN /∂α2) in
the action, 5) so that it is properly normalized if the constant c is chosen to satisfy cα = 2/3.
Together with the D gauge condition N = cα3 = 1, this determines α =
√
3/2 and c =
(
√
2/3)3. The cosmological constant in the bulk is found to be −(8/3)g2Rα
2 = −4g2R.
5)
Note here that the consistency of the U(1)R symmetry with the Z2 parity requires Q
3 = 0.
20) This can be seen if we consider the two terms in the covariant derivative,
DµA
a
i = ∂µA
a
i − gRW
0
µ(tR)
a
bA
b
i + · · · (6.4)
Recall that the scalar component M0 = α of the central charge vector multiplet is Z2-even,
so that the vector component W 0µ is Z2-odd, as seen in Table IV. Since W
0
µ is Z2-odd and
Aa=1i and A
a=2
i carry opposite Z2-parity, the first and the second terms in Eq. (6.4) can
have the same Z2 even-oddness if and only if tR possesses only off-diagonal components. In
other words, tR = i(Q
1σ1 +Q
2σ2) with no σ3 component. (If the coupling constant gR were
lifted to the Z2-odd field, as in the Gherghetta-Pomarol
26) and Falkowski-Lalak-Pokorski
(GPFLP) approach, 26), 27), 20) then the gRW
0
µ part would become Z2-even and tR would be
diagonal so that tR = iσ3.) After the SU(2) gauge is fixed in the bulk by the condition
Aai ∝ δ
a
i , the U(1)R gauge transformation is modified into the combined (diagonal) U(1)
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transformation of the original U(1)R and SU(2); e.g., δU(1)R(θ)F
a
i = iθ[Q
1σ1+Q
2σ2, F ]ai.
However, the SU(2) symmetry is explicitly broken by the Z2 parity assignment down to U(1)
with the generator σ3. This breaking is manifest only at the boundaries, since SU(2) is a
local symmetry, while the Z2 parity transformation relates the fields at y only with those at
−y. Since the U(1) transformation of the generator Q1σ1 + Q
2σ2 in SU(2) is broken, the
U(1)R symmetry is explicitly broken in this Altendorfer-Bagger-Nemeschansky approach.
The brane tension terms are given by
Sbrane =
∫
d5x
(
Λ1δ(y) + Λ2δ(y − y˜)
) [
Σ3 = Σ2c
]
F
. (6.5)
Here Λ1 and Λ2 are assumed to be real for simplicity and the F-term action formula (C.3)
reads, for our chiral compensator Σc = (Ac = 1, χc = 0, Fc), as[
Σ2c
]
F
= e4
(
2(Fc + F
∗
c )− 2ψ¯µγ
µνψν
)
, (6.6)
where e4 is the four dimensional determinant of the vierbein, e4 = e/e
4
y = e · e
y
4. Note that
now
Dˆ4A
a
i = (∂4 −
3
2
b4)A
a
i − V4ijA
aj −
W 04
α
Fai − 2iψ¯iζ
a
→ Dˆ4A
a=2
i=1 = −
W 04
α
F˜21 + (V4)
2
1 − gRW
0
4 (tR)
2
1, (6.7)
where we have used Aai = δ
a
i and ζ
a = 0, by the superconformal gauge fixing (5.3), and F˜ai
is defined by
F˜ai ≡ F
a
i −
1
2mαη
a
bA
b
i = F
a
i − gRα(tR)
a
bA
b
i. (6.8)
This field F˜ai vanishes in the absence of the brane term Λ1 = Λ2 = 0. Then we find the real
part of the F -component Fc of Σc in (5.2) as
ReFc = Re
{
i(1 + i
W 04
α
)F˜21 + igRα(tR)
2
1 + (V4 − gRW
0
4 tR)
2
1
}
= F˜1 −
W 04
α
F˜2 − gRαQ
1 − V˜ 24 . (6.9)
Here Q1 is the first component of the direction vector ~Q ≡ (Q1, Q2, Q3) of the U(1)R gen-
erator (6.1) in SU(2), F1 and F2 are the 1 and 2 components of the ‘quaternion’ Fai
(Fai = F012 − iF1σ1 − iF2σ2 − iF3σ3), and the quantities V˜ k4 are defined by
(V˜4)
i
j ≡ (V4 − gRW
0
4 tR)
i
j ≡
3∑
k=1
iV˜ k4 (σk)
i
j . (6.10)
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Since the auxiliary fields F˜1, F˜2 and V˜ 24 appear in the bulk action in the form
e
[
−2
(
1 +
(W 04 )
2 −W 0µW 0µ
α2
)(
(F˜1)2 + (F˜2)2
)
+ 2(V˜ 24 )
2
]
(6.11)
with opposite signs and W 0µ vanishes on the brane (Π(W
0
µ) = −1), the solution to these
auxiliary field equations of motion are given by
F˜1 =
(
1 +
(W 04 )
2
α2
)−1
ey4(Λ1δ(y) + Λ2δ(y − y˜)),
F˜2 =
(
1 +
(W 04 )
2
α2
)−1
(−
W 04
α
)ey4(Λ1δ(y) + Λ2δ(y − y˜)),
V˜ 24 = e
y
4(Λ1δ(y) + Λ2δ(y − y˜)). (6.12)
Elimination of these auxiliary fields by substituting these solutions back into the action
(6.11) plus (6.5), could potentially yield singular terms in the form of the squares of delta
functions. However, in fact, we see that the contributions from F˜1 and F˜2 and from V˜ 24
exactly cancel each other.
After eliminating these auxiliary fields, the brane action becomes
Sbrane =
∫
d5x
(
Λ1δ(y) + Λ2δ(y − y˜)
)
e4
(
−4gRQ
1α− 2ψ¯µγ
µνψν
)
, (6.13)
The scalar α of the U(1)R gauge multiplet is nonvanishing. If the U(1)R gauging is done
with Q1 = 1, i.e., tR = iσ1, then this essentially reproduces the brane action given by
Altendorfer, Bagger and Nemeschansky. 23) The point here is, however, that the parameters
Λ1 and Λ2 remain arbitrary and are not determined by the supersymmetry requirement at
all. Therefore, despite the fact that the bulk cosmological constant is given by the parameter
gRα, the brane tensions are Λ1 or Λ2 times −4gRα, and thus have no relation to the bulk
cosmological constant −(8/3)g2Rα
2 = −4g2R.
5) Zucker noted the same point in his off-shell
Poincare´ supergravity formulation based on a linear multiplet compensator. 15)
Let us comment on the Killing spinor in the Randall-Sundrum background, 24)
ds2 = e−2k|y|ηµνdx
µdxν − dy2. (6.14)
The Killing spinor is found by demanding that theQ and S transformation δ = δQ(ε)+δS(η)
of the gravitino ψiµ, ψ
i
y and the fermion components Ω
0i of V0 and ζ
a of Ha vanish. The
S-transformation parameter η is given as a function of ε by the condition δΩ0i = 0 (and
then δζa = 0 is automatically satisfied). Assuming that the Killing spinor ε(y) depends
only on the extra dimension coordinate y, one can show that such a Killing spinor can exist
only when Λ1 = −Λ2 = 2, Q1 = 1 (Q2 = Q3 = 0) and k = 2αgR/3. This implies that the
24
brane tension ±τ of the two boundary planes should be ±τ ≡ ±4gRαQ1Λ1 = ±12k while
the bulk cosmological term is −4g2R = −6k
2. However, this value of the brane tension is
twice as large as the Randall-Sundrum value, ±τ = ±6k2. Zucker also noted this fact in his
formulation. 15) Since the effective four-dimensional cosmological term vanishes only when
the Randall-Sundrum case, this implies that there exists no Killing spinor, and therefore the
(global) supersymmetry is spontaneously broken on the Randall-Sundrum background. Note
that this conclusion is in the framework of Altendorfer-Bagger-Nemeschansky approach. In
fact, in the GPFLP approach whose off-shell formulation is given in Ref. 21), the same
Randall-Sundrum background is shown 20) to allow the existence of a Killing spinor.
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Appendix A
Conventions
The gamma matrices γa (a = 0, 1, 2, · · · , d − 1) in d dimensions satisfy {γa, γb} = 2ηab
and (γa)
† = ηabγb, where η
ab = diag(+,−,−, · · ·). Here γa···b is the antisymmetrized product
of gamma matrices
γa···b = γ[a · · ·γb], (A.1)
where the square brackets [· · ·] represent complete antisymmetrization of the indices with
weight 1. Similarly, (· · ·) represents complete symmetrization with weight 1.
In five dimensions, we choose the Dirac matrices to satisfy
γa1···a5 = ǫa1···a5 , (A.2)
where ǫa1···a5 is a totally antisymmetric tensor with ǫ01234 = 1.
25
The SU(2) index i (i=1,2) is raised and lowered with the antisymmetric ǫij tensor (ǫ12 =
ǫ12 = 1) according to the northwest-to-southeast (NW-SE) contraction convention:
Ai = ǫijAj , Ai = A
jǫji. (A.3)
The charge conjugation matrix C5 in 5D has the properties
CT5 = −C5, C
†
5C5 = 1, C5γaC
−1
5 = γ
T
a . (A.4)
Our five-dimensional spinors ψi satisfy the SU(2)-Majorana condition
ψ¯i ≡ (ψi)
†γ0 = ψiTC5 (A.5)
where spinor indices are omitted. When the SU(2) indices are suppressed in bilinear terms
of the spinors, the NW-SE contraction is understood, e.g. ψ¯γa1···anλ = ψ¯iγa1···anλi.
In four dimensions, the Dirac matrices satisfy
γa1···a4 = −iǫa1···a4γ5, ǫ
0123 = 1, (A.6)
with the chirality matrix γ5. The fifth Dirac matrix in 5D, γ
4, is anti-hermitian and related
with γ5 as γ
4 = iγ5. The Majorana-condition is defined by
ψ¯ ≡ ψ†γ0 = ψTC4, (A.7)
where the charge conjugation matrix C4 in 4D has the properties
CT4 = −C4, C
†
4C4 = 1, C4γaC
−1
4 = −γ
T
a . (A.8)
In the main text, we take as our convention the relation C5 = −C4γ5 between the charge
conjugation matrices in 5D and 4D.
Appendix B
Curvatures in 4D and 5D
The curvatures Rˆµν
A are defined by Rˆab
AXA ≡ −[Dˆa, Dˆb] in terms of the full super-
conformal covariant derivative Dˆa ≡ ∂a −
∑
A 6=P h
A
aXA and are written using the structure
function in the form
Rˆµν
A = e bµe
a
ν fab
A = 2∂[µh
A
ν] + h
C
ν h
B
µ f
′
BC
A . (B.1)
Here XA and h
A
µ denote the transformation operators and the corresponding gauge fields,
respectively, whose explicit contents in 5D and 4D are listed in Table V. The quantity fAB
C
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Table V. The transformation operators and the gauge fields.
in 5 dimensions
XA Pa(= Dˆa) Qi Mab D Uij Si Ka G(Z)
hAµ eµ
a ψiµ ωµ
ab bµ V
ij
µ φ
i
µ fµ
a Wµ
in 4 dimensions
XA Pa(= Dˆa) Q Mab D A S Ka G
hAµ eµ
a ψµ ωµ
ab bµ Aµ φµ fµ
a Bgµ
is a ‘structure function’, defined by [XA,XB} = fABCXC , which generally depends on the
fields. The primed f ′BC
A is zero when B = Pb and C = Pc, and otherwise f
′
BC
A = fBC
A.
The explicit expression of (B.1) for the curvature Rˆµν
A can most easily be obtained from the
gauge field transformation law δ(ε)hAµ of the same generator XA:
εBXB h
A
µ ≡ δ(ε)h
A
µ = ∂µε
A + εChBµ fBC
A ; (B.2)
that is, we can obtain Rˆµν
A by simply replacing εC by hCν in δ(ε)h
A
µ .
The explicit forms of the curvatures Rˆµν
A in 4D are given by 11), 13)
Rˆ aµν (P ) = 2∂[µe
a
ν] − 2ω
ab
[µ eν]b + 2b[µe
a
ν] + 2iψ¯µγ
aψν ,
Rˆ abµν (M) = 2∂[µω
ab
ν] − 2ω
ac
[µ ω
b
ν]c + 8f[µ
[aeν]
b] − 4ψ¯[µγ
abφν] + 4iψ¯[µγν]Rˆ
ab(Q),
Rˆµν(D) = 2∂[µbν] + 4f[µ
aeν]a + 4ψ¯[µφν],
Rˆµν(A) = 2∂[µAν] − 8iψ¯[µγ5φν],
Rˆ aµν (K) = 2∂[µf
a
ν] − 2ω
ab
[µ fν]b − 2b[µfν]
a + 2iφ¯µγ
aφν + 2iψ¯[µγν]DˆbRˆ
ab(Q),
Rˆµν(Q) = 2∂[µψν] −
1
2ω
ab
[µ γabψν] + b[µψν] −
3
2 iA[µγ5ψν] + 2ie[µ
aγaφν],
Rˆµν(S) = 2∂[µφν] −
1
2ω
ab
[µ γabφν] − b[µφν] +
3
2 iA[µγ5φν] + 2if[µ
aγaψν]
+ i2γ
a
( ˜ˆ
R[µa(A) + iγ5Rˆ[µa(A)
)
ψν] . (B.3)
With the help of Bianchi identities [Dˆ[a, [Dˆb, Dˆc]] ] = 0, one can show that the constraints
(3.2) imply the useful equalities 12)
Rˆab(D) = −Rˆ[ab](M) = −
1
2
˜ˆ
Rab(A),˜ˆ
Rab(Q) ≡
1
2ǫabcdRˆ
cd(Q) = −iγ5Rˆab(Q),
Dˆ[aRˆbc](Q) = −iγ[aRˆbc](S),
DˆbRˆab(Q) = −iγ
bRˆab(S), γ ·Rˆ(S) = 0,
iγ5
˜ˆ
Rab(S) ≡
i
2ǫabcdγ5Rˆ
cd(S) = Rˆab(S)− i /ˆDRˆab(Q), (B.4)
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where Rˆa
b(M) ≡ Rˆaccb(M) and
˜ˆ
Rab ≡ (1/2)ǫabcdRˆcd.
The curvatures Rˆµν
A in 5D are given explicitly by 7), 6)
Rˆµν
a(P ) = 2∂[µeν]
a − 2ω[µ
abeν]b + 2b[µeν]
a + 2iψ¯µγ
aψν ,
Rˆµν
i(Q) = 2∂[µψ
i
ν] −
1
2
ω[µ
abγabψ
i
ν] + b[µψ
i
ν] − 2V
i
[µjψ
j
ν] + γab[µψν]v
ab − 2γ[µφ
i
ν],
Rˆµν
ab(M) = 2∂[µων] − 2ω[µ
a
cων]
cb − 4iψ¯[µγ
abφν] + 2iψ¯[µγ
abcdψν]vcd
+4iψ¯[µγ
[aRˆν]
b](Q) + 2iψ¯[µγν]Rˆ
ab(Q) + 8f[µ
[aeν]
b],
Rˆµν(D) = 2∂[µbν] + 4iψ¯[µφν] + 4f[µν],
Rˆµν
ij(U) = 2∂[µV
ij
ν] − 2V
i
[µkV
kj
ν] + 12iψ¯
(i
[µφ
j)
ν] − 4iψ¯
i
[µγ ·vψ
j
ν] +
i
2 ψ¯
(i
[µγν]χ
j)
,
Rˆµν
i(S) = 2∂[µφ
i
ν] −
1
2ω[µ
abγabφ
i
ν] − b[µφ
i
ν] − 2V
i
[µjφ
j
ν] + 2f
a
[µ γaψ
i
ν] + · · · ,
Rˆµν
a(K) = 2∂[µfν]
a − 2ω[µ
abfν]b − 2b[µfν]
a + 2iφ¯µγ
aφν + · · · . (B.5)
Here, the dots in the Si and Ka curvature expressions denote terms containing the other
curvatures. The constraints (2.2) in 5D also imply the equalities,
Rˆab(D) = −
2
3Rˆab(M) = 0, Rˆ[abc]d(M) = Rˆa[bcd](M) = 0,
Rˆab
i(S) = /ˆDRˆab
i(Q) + γ[aDˆ
cRˆb]c
i(Q) + Rˆ[a
c i(Q)vb]c
+ 1
4
γ ·vRˆab
i(Q) + 1
12
γabRˆcd
i(Q)vcd ,
Rˆab
c(K) = 14DˆdRˆab
cd(M) + 12
¯ˆ
Rd[a(Q)γ
cRˆdb](Q) +
1
2
¯ˆ
Rd[a(Q)γb]Rˆ
dc(Q) , (B.6)
and the Si and Ka curvatures can be written in terms of the other curvatures.
Appendix C
Embedding and Invariant Action Formulas in 4D
A product of chiral multiplets also forms a chiral multiplet. More generally, for an arbi-
trary set of chiral multiplets ΣI = [AI , PχI , F I ], we can have a new chiral multiplet g(Σ),
whose first component is given by a general function g(A) of {AI} carrying a homogeneous
degree in the Weyl weight: 11)
g(Σ) = [g(A), PRχ
IgI(A), F
IgI(A)−
1
4 χ¯
IPRχ
JgIJ(A)], (C.1)
where gI(A) ≡ ∂g(A)/∂AI and gIJ(A) ≡ ∂2g(A)/∂AI∂AJ .
Similarly, for an arbitrary set of general multiplets ΦI = [CI , ζI , · · ·] and an arbitrary
function f(C) homogeneous in the Weyl weight, we can have a new general multiplet Φ′ =
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f(Φ) whose components are given by 12)
C ′ = f(C), ζ ′ = ζIfI ,
H ′ = HIfI −
1
4
ζ¯IζJfIJ , K
′ = KIfI +
1
4
ζ¯Iiγ5ζJfIJ ,
B′a = B
I
afI +
1
4 ζ¯
Iγaγ5ζ
JfIJ ,
λ′ = λIfI −
1
2
iγ5
(
iγ5H +K + i /B + /ˆDCγ5
)I
ζJfIJ −
1
4
ζI ζ¯JζKfIJK ,
D′ = DIfI +
1
2
(HIHJ +KIKJ +BIaB
aJ + DˆaC
IDˆaCJ + iζ¯I /ˆDζJ − 2ζ¯IλJ)fIJ
+14 ζ¯
Iiγ5(iγ5H +K + i /B)
JζKfIJK +
1
16 ζ¯
IζJ ζ¯KζLfIJKL, (C.2)
with fI ≡ ∂f(C)/∂CI , etc. This formula is also valid for complex general multiplets, pro-
vided that the spinor conjugate ψ¯ is understood to be ψTC4, not ψ
†γ0.
For a chiral multiplet Σ(w=3) = [A, PRχ, F ] with weight w = n = 3, we have the
following superconformal-invariant F -term action formula: 9)
IF =
∫
d4x
[
Σ(w=3)
]
F
=
∫
d4x e
[
F − iψ¯ ·γPRχ− 2ψ¯aγ
abPLψbA+ h.c.
]
. (C.3)
For a real general multiplet Φ(w=2, n=0) = [C, ζ, H, K, Ba, λ, D] with weight w = 2, n = 0,
the invariant D-term action formula is given by 11)
ID =
∫
d4x
[
Φ(w=2, n=0)
]
D
=
∫
d4x e
[
D − ψ¯ ·γγ5λ+ iǫ
abcdψ¯aγbψc
(
Bd − ψ¯dζ
)
+13(R(ω) + 4iψ¯µγ
µνλDνψλ)C +
2
3 iζ¯γ5γ
µνDµψν
]
, (C.4)
where R(ω) is the scalar curvature constructed from the spin connection ωabµ , and Dµ is the
covariant derivative with respect to the homogeneous transformations Mab, D and A.
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